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INTRODUCTION: 
 
 The tropics are home to two important entities: tropical ecosystems (which house an 
amazing amount of biodiversity) and many fast-growing export economies (which are converting 
those ecosystems into managed ones with alarming zeal). In many ways, coffee epitomizes this 
transformation (13, 2). Spurred by skyrocketing global demand, coffee production is intensifying 
at the expense of primary forest (13). However, shade-grown coffee, oft championed by 
conservationists, could be a best-of-both-worlds alternative, able to please both producers and 
consumers while providing viable refuge for dwindling tropical diversity (24, 17, 4, 13, 20, 2, 
and many others). Furthermore, shaded coffee systems might also provide a conduit for 
migration between forest fragments, forging a metapopulation structure that would facilitate 
landscape-wide conservation (23, 28, 29).  
This diversity then gives back in the form of ecosystem services, valuable services 
performed by functional, healthy ecosystems, such as biological control of pests through top-
down, or predator-driven, effects (22, 27, 26, 25, 13, 39, 2).  Top-down control in complex 
systems often transcends simple predator-prey relationships; such systems sport a web structure, 
one in which intraguild (in this case, between predator) predation, as well as trait mediated 
effects—those effects which alter the rate at which predator-prey interactions occur—blur the 
linearity of the one-dimensional food chain (38). While viewing the trophic structure as a web of 
interactions can make teasing apart the net impacts of each individual predator more difficult, 
doing so is often more realistic and more enlightening  (31, 23, 16, 27, but see 12). 
Four predatory taxa that research has found critical to shade-coffee agrosystems are 
insectivorous birds (9, 22, 13, 39), bats (39), spiders (30), and Azteca ants (25, 26, 27). Some 
studies have even tried to study interactions between two or more of these groups (39, 26). 
However, we present the here-to-date first attempt at examining the entire predator guild at once. 
Once thought to be pests or liabilities, predators are now thought to be critical for maintaining 
low pest levels, and how factors such as predator diet breadth, prey diversity, predator habits and 
preferences, prey palatability and abundance, and intraguild predation alter the regulatory 
capacity of predators is now under increasing scrutiny (12, 33, 31). We argue that studying 
predators in these systems is paramount, not tangential, to conservation efforts (39).  
 One way to successfully attach a value to top-down control is to simply remove the 
predator(s) and observe the response of the lower trophic levels (12). If a predator exerts a strong 
top down control, we would expect a trophic cascade-- a “series of alternating positive and 
negative effects (33)”--to precipitate down through the trophic levels in its absence (for 
examples, see 1, 34). 
After we observe (or don’t observe) these cascading effects, we can begin to characterize 
the role of the predator. Of course, some caveats to this approach do exist. First, when intraguild 
predation, omnivory, cannibalism, or non-hierarchical food webs characterize a system, predator 
effects can become blurry (1, 16, 13). For example, in addition to their predictable consumption 
of prey species, birds (31), spiders (6), and ants (26) are all known to engage in intraguild 
predation or trait mediated effects in this system: Birds and spiders are both known to eat ants on 
occasion (27, 10, but see 13, 2) and Azteca ants are thought to actively reduce bird foraging 
times (26, 27). Still, we feel predator removal experiments have a lot to offer studies of top-down 
control, especially when the study design addresses the entire predator guild. 
In this study, our lab excluded all possible combinations of flying insectivores (birds and 
bats), spiders, and Azteca ants in order to elucidate their impacts on lower trophic levels in a 
shaded coffee agroecosystem. Birds and bats were excluded with fish netting over individual 
coffee plants, spiders were physically removed from coffee plants, and Azteca instabilis, a 
keystone arboreal and aggressive ant species (37) was spatially segregated by the experimental 
design. I then charted the responses of the arthropod assemblages on these plants over time. I 
addressed the following questions: (1) How much does each predator individually affect 
arthropod taxa positively and/or negatively? (2) How does the combination of predators affect 
arthropod taxa? How do they complement or interfere with one another? (3) Can we observe 
intraguild predation in this system? (4) Do we see evidence of top-down control in this system? 
 
METHODS: 
 
Study Site and Data Collection 
Finca Irlanda (15º11’N, 92º20’W; 900 m elevation; 4500 mm rain/yr) is a 300 hectare 
organic shade-coffee farm in the Soconusco region of Chiapas, Mexico (26). While structurally 
and biologically simpler than primary forest, Finca Irlanda has a high tree species diversity and 
is certified as Bird Friendly® by the Smithsonian Migratory Bird Center and as a Rainforest 
Alliance system. We selected fifteen plots without A. instabilis nests; we paired ten of these 
plots with nearby plots where Azteca were present. Within each plot, we subjected each of four 
adjacent coffee plants to one of four treatments: (1) control, (2) bird/bat exclosure, (3) spider 
removal, and (4) both bird/bat exclosure and spider removal. These four treatments, when 
coupled with Azteca presence or absence, make eight total 
treatments.  
We excluded birds and bats using domed, hoop-like 
structures overlaid with a fine mesh that permitted arthropod 
movement but denied birds and bats access to the plant at all 
times. We manually removed spiders from treated plants at least 
weekly using an aspirator. Azteca presence was generally not 
actively controlled; however, when A. instabilis activity on 
target plants was low, small pieces of carton nests were placed 
on plants to maintain some level of ant activity. We collected 
arthropods during four months using a D-vac (a reverse leaf 
blower that collects arthropods on a fine mesh): September 2002 
(wet season), December 2002 (dry), April 2003 (dry), and July 
2003 (wet) (34). We collected all samples in early morning to 
minimize the loss of flying arthropods. We stored all specimens 
in a 70% ethanol solution and then typed them to the order and 
family level and measured them length-wise in millimeters.  
Data Analysis:  
I entered and processed all arthropod data in Microsoft Excel. I focused on two response 
variables: arthropod abundance--the average number of arthropods of a given type per plant--and 
arthropod biomass--the average biomass in milligrams of an arthropod taxon per plant, both of 
which were compiled by date, site, and treatment.  
I estimated biomass for each arthropod order using length-weight regression equations 
and Costa Rican rainforest coefficients presented in Schoener (1980) (32). I excluded all larval 
stages but included nymphal stages for those orders with coefficients for adults only. For orders 
with no published coefficients in Schoener (1980) (32), I used the average, “total” arthropod 
coefficients, which are based only on average data across all taxa and not on specific orders, so 
they may provide a poor estimate of true biomass. I calculated spider biomass using Amazonian 
spider coefficients presented in Höfer and Ott (11). Because biomass metrics change greatly with 
size, I treated spiders larger or smaller than 2.5 mm as two separate groups, using different 
coefficients for each (11). 
My methodology includes both qualitative and statistical approaches. I conducted all 
statistical work using PASW 17 or Microsoft Excel, including: two-sample T-tests and Mixed 
Linear Regression Models (MLMs); One-way and Univariate ANOVAS; post hoc tests; and 
histograms, box-and-whisker plots, and scatterplots.  
 Both abundance and biomass varied strongly by sampling date. Additionally, sampling 
dates do not represent fully independent measures. For this reason, I used MLMs extensively to 
account for these limitations. These tests have less power than other tests do, so I used them 
chiefly when significant time effects were evident. Generally, when I used MLMs in concert 
with other, more standard tests, the p-values were similar. All statistical tests use an official 
alpha of 5%, though I consider those with p-values between 5-10% to be marginally significant.  
 To assess the roles of each predator individually, I recoded the original eight treatments 
into three diametric groups: (1) Birds/bats excluded/not excluded, (2) spiders removed/not 
removed, and (3) Azteca present/absent. These treatment codes look solely at whether the 
predator in question is present or absent, irrespective of the predator gradient in the background. 
That said, the effect shown by a given predator’s treatment should reflect that predator’s effect 
alone because the presence or absence of other predators will apply to both sides of each 
treatment.  
I used these three treatments as explanatory variables for each arthropod taxon’s 
abundance and biomass to determine any possible effect the predator has on them. I followed a 
five-step protocol. First, I removed outliers from the dependant variable (abundance or biomass) 
using box-and-whisker plots, removing only those outliers many standards deviations above the 
mean. Second, I used clustered histograms to assess the effect of the predator treatment on the 
dependant variable by date to ascertain directionality of an effect, if any. Third, I used One-Way 
ANOVAs to check for a time effect in the dependant variable. If I found a time effect, I used an 
MLM (Date and treatment within-subject fixed factors, plot between subjects random factor) to 
assess for a significant effect. If I did not find a time effect, I used both an MLM and a 2-Sample 
t-test and compared the results, reporting a significant result only if both tests found one. Lastly, 
I removed all zero values and re-ran the tests. I did this because a zero value for a plot may not 
actually represent an effect of the predator per se, but rather a simple absence of that taxon on 
that particular plant. In other words, a zero value is essentially interpreted by the test as “total 
extirpation due to treatment” when that may not be the case. Thus, for rarer taxa with many zero 
values, the mean becomes left-skewed, obscuring a predator’s impact somewhat. These non-zero 
tests allowed me to more fully characterize each potential interaction of predator and prey, but 
significant results generally reflect a weaker association than those that include zero values.  
 I examined how predators interact to produce effects in two ways. First, I generated a 
percentage change table that shows how each predator duo affected specific taxa (Table 2). This 
table shows average percentage change from the predator-present state to the predator-absent 
state.  Thus, a negative change means that the taxon has fallen by that percentage due to the 
predator’s absence. Secondly, I used Univariate ANOVAs to reveal more complex interactions 
between the predators. In these tests, each of the three treatment codes, as well as the date, were 
used as fixed factors and full factorial models were assessed for significant results.  
 Two of the predators—spiders and Azteca—are potential prey themselves, and all three 
predators are thought to engage in intraguild interactions (34, 35, 36, 9, 25, 26, 27). The effects 
of flying insectivores on spiders and Azteca, as well as those of Azteca and spiders on each 
other, were assessed using a similar protocol to the one used to look at individual predator 
effects. However, for these groupings, the four treatments that weren’t meant to contain the 
dependant predator were excluded from the analysis. 
 Lastly, I estimated the likelihood of top-down control in this system qualitatively through 
the extent to which the predators substantially affect their prey. I also present some graphs that 
show each predator’s impact on the arthropod community as a whole (Figures 1 and 2). Finally, I 
present a theoretical interaction web, based on both the results from this study and those 
presented in the literature, to synthesize what is known about predators in this system thus far 
(Figure 4).  
 
Figures 1 (above) & 2 (below): Arthropod Community Response to Predator Removal.   
 
Shown is the arthropod community’s 
response to predator removal in terms of 
average biomass (top) and average 
abundance (bottom).  
 
 
RESULTS: 
  
Descriptive Summary:  
Non-Aztecan ants (Hymenoptera 
Formicidae) were excluded from all total 
abundance calculations due to excessive 
variability. Average arthropod biomass 
and average abundance did not vary 
significantly by site (for biomass, 
F=1.402, df=393, p=.149, for number 
F=.557, df=393, p=.897), but biomass was found to vary by sampling date, with April (p=0.017) 
and July (p=0.002) significantly higher than September, on average. Abundance also varied 
significantly by date, with July being higher than September (p=0.000) or December (p=0.004) 
and April being higher than September (p=0.013).  
Predators: Their Community-
Wide Impact on Biomass
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Azteca were much more 
prevalent in treatments meant to contain 
Azteca (1.421 Azteca/plant ) than in 
non-Azteca treatments (0.029 
Azteca/plant). That said, spider 
abundance dropped just 14% in spider 
exclosure treatments (1.035 spiders/plant 
to 0.89 spiders/plant), even though 
spider biomass did drop 34% 
(1.70mg/plant to 1.13mg/plant), which 
suggests that spider removal may only 
have reduced the average size of spiders 
inhabiting treatment plants. Spider 
abundance may have been higher at the 
time of collection because weekly spider 
removal was not done concordantly with 
collection. Nonetheless, these results 
indicate that the spider treatment did not result in full elimination of spiders as I may have hoped. 
I could not assess the effectiveness of bird/bat exclosures directly, but other experiments in this 
system have used similar exclosures with success (27, 9). 
 
Individual Predator Effects: 
 Table 1 shows all significant effects of individual predator absence on taxa I found using 
my statistical regiment. Birds/bats exclosure resulted in a significant increase in total arthropods, 
spiders, Azteca ants, orthopterans, collembolans, mites (Acarida) and scale insects (Coccidae). 
For total arthropods and scale insects, only abundance showed this relationship and for mites 
only biomass did.  In contrast, bird/bat exclosures resulted in a significant decline in abundance 
and biomass of flies and beetles and the decline in the abundance of parasitic hymenopterans. 
These data are available in Tables 1 and 2. I also tested for a seasonal dimension of bird/bat 
exclosure for when the migratory birds were present (December 2002 and April 2003) and absent 
(September 2002 and July 2003). As Figure 3 shows, only Orthopterans show a seasonal 
response.  
Azteca absence correlated with a significant rise in the biomass and abundance of mites 
and the biomass of thrips (Thysanoptera). Additionally, Azteca absence coincided with a drop in 
total arthropod and fly biomass as well as spider abundance (Tables 1 and 2). Finally, spider 
removal correlated with a significant increase in beetle abundances and homopteran biomass 
(Tables 1 and 2).   
I have also summarized all individual predator effects into a percentage change table 
using all taxonomic groups with 200+ individuals in the dataset, regardless of whether the 
change is significant or not (Table 2). This table compares the percentage change of a taxon’s 
average abundance or biomass as the predator is excluded, removed, or absent; a negative (red) 
value shows a loss of biomass or abundance as the predator becomes absent, suggesting the 
predator’s presence may be beneficial in some way. A green value represents a decline in 
abundance or biomass due to the predator’s absence.  
 
 
Predators: Thier Community-
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Table 1: Significant Predator Effects on Target Taxa 
Shown are the statistically significant results of individual predator treatments. Direction 
indicates the effect predator absence had on the taxon listed. Marginal results are included in 
this table for completeness.  
 
Table 2: All Predator Effects on Taxa Represented by Percentage Change.  
 
Predator Effects Taxa Test Direction P-value Sig.? Test Type Notes
Bird/Bat Exclosure Coccidae Abundance Positive 0.039 Yes MLM
Arthropods** Abundance Positive 0.037 Yes MLM
Araneae Biomass Positive 0.074 Marginal MLM All plots only.
Araneae Abundance Positive 0.023 Yes 2S T-test Spider plots only.
Azteca Abundance Positive 0.001 Yes MLM Azteca plots & no zeros only
Azteca Biomass Positive <0.001 Yes MLM Azteca plots & no zeros only
Parasitoids*** Abundance Negative 0.007 Yes 2S T-test
Orthoptera Abundance Positive <0.001 Yes MLM
Orthoptera Biomass Positive 0.038 Yes MLM All plots only.
Diptera Abundance Negative <0.001 Yes MLM
Diptera Biomass Negative <0.001 Yes MLM
Acarida Abundance Positive <0.001 Yes MLM
Acarida Biomass Positive 0.0085 Yes MLM
Collembola Biomass Positive 0.039 Yes MLM
Coleoptera Abundance Negative <0.001 Yes MLM
Coleoptera Biomass Negative <0.001 Yes 2S T-test
Azteca Absence Araneae Abundance Negative 0.0085 Yes MLM Spider plots only.
Arthropods** Biomass Negative 0.0385 Yes MLM
Thysanoptera Biomass Positive 0.0485 Yes MLM
Diptera Biomass Negative 0.0455 Yes 2S T-test
Acarida Abundance Positive 0.0045 Yes MLM
Acarida Biomass Positive 0.0105 Yes MLM
Collembola Abundance Positive 0.0935 Marginal MLM Possible false positive.
Coleoptera Abundance Negative 0.0795 Marginal MLM No zeroes only.
Coleoptera Biomass Negative 0.056 Marginal 2S T-test
Spider Removal Thysanoptera Abundance Negative 0.057 Marginal 2S T-test All Apr. plots only.
Acarida Biomass Negative 0.0795 Marginal MLM
Collembola Biomass Positive 0.0695 Marginal MLM
Coleoptera Abundance Positive 0.0145 Yes MLM No zeroes only
Homoptera Biomass Positive 0.031 Yes 2S T-test
Shown are percentage changes of average biomass or abundance per plant following removal, 
absence or exclosure of a given predator. A negative or red value means that that predator’s 
absence lowered the taxa by the percentage shown, while a positive or green value shows the 
opposite trend. 
  
Predator Interaction Effects 
 Often, the effect of one predator differs from the effect of the other, so each predator’s 
relative importance in creating the overall effect we observe can be ascertained, to some degree, 
by the arthropod community’s response to each predator separately and both predators in 
concert. Between-predator interactions are presented in Table 3. This table shows percentage 
change of arthropod abundance across the range of both predators’ presence and absence. These 
results are complex, as are the interactions that underlie them, and while I have not run statistics 
on these comparisons, I present them here to make these results accessible for later work.  
Univariate ANOVAs revealed some instances where all three predators combined to 
significantly alter the final arthropod abundance of a taxon. Additionally, these tests showed 
some instances where the two predators interacted with both each other and the collection date, 
implying their interaction changed in nature over time. Significant results are included in Table 
4. Other significant interactions between at least one predator and the date or two predators are 
as follows: Arthropod Biomass-Spiders & Azteca (F: 3.253, p=0.072); Arthropods >3.0mm-
Azteca & Date (F:2.545, p=0.056); Orthoptera abundance- Date & Birds (F: 2.498,p=0.059), 
Birds & Azteca (F: 2.874,p=0.091), Spiders & Azteca (F: 2.733, p=0.099); Diptera biomass-
Birds & Azteca (F: 4.315, p=0.038); Acarida abundance- Birds & Azteca (F: 3.036, p=0.082); 
and Coleoptera biomass- Date & Azteca (F: 2.465, p=0.062). Date interacted with nearly every 
treatment for almost every predator, so I do not report any two-or-fewer predator interactions 
that did not at least interact with the date as well, although I acknowledge that interactions that 
aren’t time sensitive may very well exist.  
 
Table 3: Two-Predator Interactions on Taxon Abundance by Percentage Change 
Shown is the percentage change from the control (neither predator present) of average 
arthropod abundance (given in white as arthropod number per plant) as predators are 
sequentionally “added.” Directionality is the same as Table 2.  
 
Spiders Vs. Azteca Total Coccidae Collembola Thysanoptera Parasitoids Acarida
Neither Present 12.583 3.517 1.083 0.583 0.683 1.283
Spiders Present 7.68% -2.39% -53.83% 60.03% 7.32% 45.52%
Azteca Present 43.05% 135.29% -49.22% -14.24% -37.77% -57.13%
Both Present -16.36% -26.07% -60.76% -27.10% -12.15% -31.80%
Birds/Bats Vs. Azteca Total Coccidae Spiders Orthoptera Thysanoptera Diptera
Neither Present 12.583 3.517 1.017 0.717 0.538 0.450
Birds/Bats Present -12.18% -36.96% -19.67% -72.11% 134.48% 29.56%
Azteca Present 43.05% 135.29% -9.05% 1.12% -14.24% -22.22%
Both Present -3.44% -15.41% -23.80% 8.09% -35.68% 150.00%
Spiders Vs Birds/Bats Total Arth.>3.0mm Parasitoids Orthoptera Thysanoptera Acarida Diptera
Neither Present 12.583 3.25 0.683 0.717 0.583 1.283 0.45
Birds/Bats Present -12.18% -7.17% 17.13% -72.11% 134.48% -36.32% 29.56%
Spiders Present 7.68% 18.46% 7.32% 9.21% 60.03% 45.52% -14.89%
Both Present -18.94% 138.98% 43.92% -46.58% 42.88% -23.38% 66.67%
Table 4: Specific Taxon Responses to Interacting Predator and Time Effects 
 
Shown are 
percentage 
changes, presented 
as comparisons 
within each 
sampling date. As 
such, effects of date 
are 
compartmentalized 
for rapid 
comparison. These 
results show that 
many individual 
effects of a given 
predator are 
effectively 
cancelled out by the 
opposite effects of 
another. 
 
Figure 3: Bird/Bat Exclosure Effects and Seasonality 
Shown is the percentage change of 
various taxa across all sampling 
dates with respect to bird/bat 
exclusion. Thus, a positive value 
indicates a positive response to 
bird/bat exclusion. Only Acarida 
and Orthoptera show strong 
responses in the migratory bird 
season (Dec. & Apr.) vs. the rest of 
the year, suggesting they may be 
preferentially preyed on by 
migratory birds.  
 
DISCUSSION: 
 
Individual Predators: Who’s Eating 
Who 
This study verifies the 
results of many other exclosure 
studies that show birds and bats 
cause a decline in the abundance 
and biomass of the arthropod 
community (34, 13, 9, 27, 26, 36, 
 Complex Interactions Sept. 02 Dec. 02 Apr. 03 Jul. 03 Total
Parasitoids
…after Spider Removal 48% -23% -32% -18% -12%
…where Azteca Absent -45% 65% 23% 21% 12%
Orthopterans
…after Spider Removal 25% 45% 0% -29% 1%
…where Azteca Absent -17% -17% -17% -24% -20%
Diptera 
…after Spider Removal 20% 8% -29% -15% -2%
…where Azteca Absent -29% -35% 29% -31% -25%
…where Birds/Bats Excluded -39% -40% -68% -43% -46%
Scale Insects
…after Spider Removal -15% 44% -2% 8% 11%
…where Azteca Absent -27% 46% 82% -76% -49%
Arthropods >3.0mm
…where Birds/Bats Excluded -3% -47% 20% 17% -16%
Coleoptera
…where Azteca Absent -27% -49% 1% 27% -14%
Araneae
…where Azteca Absent -34% -50% 23% -74% -16%
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but see 2). The positive effect bird/bat exclosure had on spiders is particularly notable as 
probable intraguild predation (34, 2, 31). However, birds/bats still managed to limit total 
arthropods despite also reducing spiders, particularly the orders Orthoptera and Acarida. This 
differs somewhat from Polis et. al.’s (1989) suggestion that prey abundance will increase as 
intraguild predation reduces the prevalence of the subordinate predator (here, spiders), though 
other studies with bird/bat exclosures have found similar results in tropical ecosystems (9, 34, 
31).  
Philpott (2004) observed that birds significantly reduced the population of Orthopterans, 
spiders, ants, mites, and collembolans, all of which I observed in my study as well. In addition, 
Diptera, Coleoptera and non-formicid Hymenoptera all benefited from the presence of birds/bats. 
Because these taxa are common prey of spiders, top-down regulation of spiders by birds could 
explain this observation (35). Unfortunately, my results for spider removal do not validate this 
conclusion. While spider removal resulted in the expected decline in beetle biomass, I observed 
no effect on beetle abundance or Diptera and non-formicid Hymenoptera abundance and 
biomass. That said, the spider removal treatment was not very effective at eliminating spiders, 
turning my “spider removal” treatment into, at best, a “spider reduction” treatment, which could 
explain the few significant effects that were found for spiders in this study overall.  
Some researchers have only found birds to exert strong top-down control in similar 
systems during the wet season (34) or for larger or certain arthropod prey only (Greenberg 9, 34, 
18, 27, but see 36). In contrast, my results show fairly consistent bird and bat exclosure effects 
across seasons (with a few exceptions) that are not particularly sensitive to size effects. 
Migratory patterns are known to affect insectivorous bird presence in coffee agrosystems—one 
reason such systems are lauded for their conservation value (13, 39, 35). In my study, migratory 
bird impacts, if any, are only observed in Orthopterans, who suffer disproportionately from 
birds/bat presence during December and April when migratory birds are present (Figure 3). 
Otherwise, the direction and intensity of bird effects varied limitedly across most taxa. I did not 
observe any effects of birds/bats on large arthropods, though I suspect this could be due to my 
study’s paucity of such organisms (107large/6605total).  
William-Guillen and colleagues (2008) found that the effects of birds are often 
confounded by the effects of bats in “bird exclosure” experiments (39); if the exclosures are left 
up through the night, they also exclude bats. Although my original design was meant to exclude 
only birds, I have decided to deem my treatments “bird/bat exclosures” to avoid the risk of 
attributing bat effects to birds. In truth, the work of William-Guillen et. al. (2008) found that 
while birds are the dominant flying insectivore in winter in this coffee system due to the influx of 
migratory birds, bats are dominant the rest of the year. This interplay between birds and bats may 
have led to a dilution of seasonal effects in this study. Interestingly, in my study, only 
orthopterans and acarida responded positively to winter bird/bat exclosure, suggesting birds, not 
bats, are these taxa’ primary predator. 
Spiders reduced the biomass of coleopterans and homopterans, as well as collembolan 
biomass marginally, which are all reasonable prey species for spiders (34). Spiders also 
marginally increased the abundance of thrips and mites in this system, though the reasons for this 
are unknown. Overall, many spider effects were strong but not significantly so. Notably, I didn’t 
observe any significant increase in non-formidicae hymenoptera (parasitoids). Spider removal 
showed few results in my study. I can think of a couple of reasons to explain this. First, spider 
removal may simply have been ineffective. Second, spiders are known to participate in 
cannibalism, so a rise in spider prevalence could have been tempered by increased spider-spider 
predation (31). Third, spiders and parasitoids theoretically compete for a similar prey pool, so the 
removal of spiders could have been cancelled out by a rise in parasitism, although my data 
doesn’t necessarily lend support to this hypothesis (16, 2). Additionally, parasitoid abundance 
was not controlled in my study, so I have no way of assessing for any potential compensation 
that they may perform when spiders are absent. Lastly, spiders, despite their generalist nature, 
may show prey preference; camouflaged or well defended prey may, for example, proliferate 
while spiders are present, but other types of arthropods may do better in a spider-free area, 
making the net effect of spiders nearly zero (12, 34, 15, 19).  
Azteca had negative impacts on acaridans, collembolans, and thysanopterans and positive 
effects on spiders, dipterans, and coleopterans. Overall, arthropod abundance and biomass were 
much lower when Azteca were absent, suggesting that Azteca presence supports a larger 
arthropod community. Philpott et. al. (2008) have posited that Azteca presence doesn’t 
necessarily effect either herbivory or primary productivity, so they may not exert as strong of 
top-down control as other predators (25). I believe that my results, which show effects of Azteca 
on many taxa, make these assertions worth reconsidering. Additionally, Blüthgen et. al. (2000) 
concluded that due to their dependence on homopteran honeydew for calories, aphid-tending ant 
genera such as Azteca may not be “predators” in the classical sense at all but rather specialist, 
keystone herbivores (3). While the body of research conducted in Finca Irlanda suggests this 
conclusion may be hasty for coffee agrosystems, I believe examining this assertion in greater 
detail would be worthy (see 25).  
 
Predators Combine to Effect Prey 
 Table 3 presents many results that are not necessarily significant, so I concede any 
analysis of its patterns must be taken with a grain of salt because any pattern could conceivably 
have arisen by chance. Still, publishing these results makes them available to fuel future 
hypotheses more focused on predator interactions in coffee systems. 
First, Azteca and spiders each seem to reduce the arthropod community on their own but 
have little effect when acting in concert; they seem to be interfering with each other in some 
manner. The mechanism for this interference, if it exists, is unknown. One particularly 
interesting example of their interference is over parasitoids; in each of the four months surveyed, 
Azteca and spiders impacted parasitoids strongly in opposite directions. Additionally, their 
interference seems to vary in intensity and direction over time and across different taxonomic 
groups and levels. Indeed, at this time, this relationship seems exceedingly complex. Overall, I 
believe these results show that the interplay between spiders and Azteca may help strengthen the 
vibrancy of the arthropod community in these systems. 
 Birds/bats and spiders appear to show a less balanced relationship. The net impact of both 
predator groups together appears to be consistently in the direction of birds/bats acting alone for 
nearly every taxon (though not large arthropods) and the only variable appears to be the intensity 
of this relationship. Generally, the effects of birds/bats overshadow those of spiders. I don’t find 
this trend surprising because generalist predators, such as spiders, have been shown to cause 
consistently lower effects on prey species volume or biomass while specialist predators, such as 
birds, often show larger effects (1, but see 12). 
 Lastly, Azteca and birds seem to interfere with one another in some manner. That said, 
while some of the results regarding the two taxa make intuitive sense (e.g. scale insects and 
spiders), other results seem wildly out of sync (diptera, thysanoptera, and orthoptera). I have no 
explanation for these phenomena at this time, but they certainly pinpoint a potential gap in our 
knowledge of this system.  
 
Intraguild Predation and Predator-Predator Interactions 
 I have no way of assessing whether spiders or Azteca antagonized birds but spiders are 
not known to do so. However, birds and spiders seem to compete for Orthoptera (Table 3) and 
may compete for other species as well. Conversely, birds reduce spider abundance and biomass 
significantly (Table 1), and Azteca can keep birds from foraging on branches where they are 
tending scale insects (26, 31). Total average arthropod abundance drops by less due to birds 
when Azteca are present (Table 3). On the other hand, birds reduce Azteca abundance and 
biomass significantly (Table 1), but they also seem to reduce the abundance of the scale insects 
upon which Azteca are dependant (Table 2) (26). Lastly, spiders and Azteca seem to have a 
complex relationship. Azteca definitely increase the prevalence of spiders where they are present 
(Table 1). Otherwise, Azteca may facilitate the hunting habits of spider for some prey (for 
example, collembola and thysanoptera), even while inhibiting them from hunting other prey 
types (for example, parasitoids) (but see 10). 
http://resources1.news.com.au/images/2008/03/16/va1237297168095/Isla-Fisher-
Supplied-5939228.jpgBirds, spiders, and Azteca all substantiated their roles as both predators 
and competitors in this system. As competitors in particular, they almost certainly directly 
impacted each other. Spiders and Azteca suffered at the hands of birds/bats, while spider and 
Azteca abundance both fell by 33% when the other was absent, suggesting some sort of fraternity 
between them (26). Because spiders and ants may compete for similar prey, may forage in the 
same areas, and may be observed to visibly harass one another, this result is hard to explain (19, 
10). Because spiders occasionally eat Azteca, Azteca may “help” spiders by providing an 
additional, and sometimes plentiful, 
backup food source (10). Another possible 
explanation is simply that Azteca and 
spiders may not compete as actively for 
food resources as previously thought (3). 
Also, ant-bird antagonism could benefit 
spiders in this system; if Azteca lower bird 
foraging times, consumption of spiders by 
birds could be lower where Azteca are 
present (10, 26). How Azteca might 
benefit from spiders, on the other hand, is 
unclear to me at this time. 
 
Figure 4: The Updated Interaction Web 
 
Shown is my interpretation of the 
interaction web of this system, based on 
my own findings and those of other 
researchers. The solid arrows are my own 
results and dashed arrows are attributed 
to previous researchers. Red arrows 
denote negative effects on the receiving 
taxa while green arrows denote positive effects (23, 25, 26, 27, 34, 39). 
 
Predators and the Stability of the Ecosystem 
Biomass of arthropods in this coffee system undeniably went down as predators were 
removed (Figure 1). Predator removal has been shown to cause a drop in biodiversity, which 
could cause one or a few prey species to expand at the expense of others and bring about lower 
system biomass (12). Biomass may also drop as predators are removed because the vast intricacy 
of the system requires predators, underscoring the potential importance of maintaining predators 
during system management (23). Figure 4 shows what I believe to be the properly updated 
interaction web of this system, based on both my own research and results attested in the 
literature. 
 Although I have no way of measuring cascade strength directly, I believe my results 
reflect the high likelihood of a cascade in this system if predators were removed. Birds/bats and 
Azteca ants caused the abundance or biomass of many taxa to rise or fall, (usually) in concert 
with previous conceptions of this system’s trophic hierarchy (23, 25, 26, 27, 34, 39). For 
example, bird/bat presence coincided with a drop in spiders, a parasitoid expansion, and an 
arthropod community reduction, reflecting an apparent four-tier trophic hierarchy that could be 
disrupted by the exclusion of birds and bats (33, 6, 39). Secondly, systems in which the 
herbivores are predominantly invertebrates, like this system, often have stronger cascades 
because these herbivores capitalize more quickly and efficiently on predator release than 
vertebrate herbivores (1). Additionally, endothermic vertebrates, such as birds and bats, have 
been known to cause particularly strong cascades, possibly due to their large caloric intake (1). I 
conclude that looking for a trophic cascade in this system as they are industrialized would be a 
valuable research endeavor. 
However, proving a trophic cascade in this system may be difficult for a few key reasons. 
First, cascades are often tempered in systems where plant chemical defenses are strong, which is 
certainly the case for coffee (1). Cascade strength can also be inversely proportional to diversity 
because higher diversity lessens each predator’s specific impact and stabilizes the system as a 
whole (6, 1, 25). Lastly, coincidental intraguild predation (predators eating insects that are 
infected with parasitoids) is likely in this system and can noticeably obscure cascading effects 
(31, 7, 16).   
Future research in this system should focus on a few key points. First, I agree with 
Memmott et. al. (2000) that parasitoids need to be examined concurrently with predators to 
properly delineate their interrelationships (16). While parasitoid removal might prove unwieldy, 
a parasitoid introduction (“flooding”) could be employed instead. Also, I agree that studies on 
trophic cascades and top-down regulation need to be conducted in a more varied set of terrestrial 
ecosystems, although I would argue that shade coffee and cocoa agroecosystems are still good 
options (1). Lastly, Philpott et. al. (2008) examined predator effects by sorting arthropods into 
feeding groups, made possible by our better collective understanding of the system’s biota (25). 
With that knowledge in hand, a fresh repeat of this experiment could make these results more 
solid, thorough, and broadly applicable.  
 Lastly, it’s important that projects like this one continue to emphasize the value of 
traditional, shade-grown, and organic coffee systems in the face of ever-increasing agricultural 
intensification in the tropics. These systems are rich in biodiversity and are havens for migratory 
birds and other endangered biota (34, 9, 24, 17, 13, 39). Thus, pressure to maintain the 
complexity and vibrancy of these systems should increase, especially to protect predators, which 
are often the first taxonomic levels to be extirpated by intensification (25, 34), and parasitoids, 
which are often ideal agents of organic, biological pest control (5, 7). Over the long run, losing 
these systems to intensification may come at a cost to sustainability and biodiversity too great for 
the world to bear. 
 
CONCLUSION: 
 
 The relative importance of spiders, Azteca ants, and insectivorous birds and bats were 
assessed in a shade coffee agrosystem. During the process of analysis, birds were found to 
negatively impact both other predators and many prey taxa, while Azteca ants and spiders only 
seemed to affect specific taxa under certain conditions. Also, many suppositions made about the 
trophic structure of the system were confirmed or, at the very least, substantiated by statistical 
evidence: (1) birds do negatively affect spiders; (2) while spiders were not found to have a 
significant effect on parasitoid abundance per se, bird removal did decrease parasitoid numbers, 
suggesting a possible indirect effect through spiders; (3) Azteca and spiders do interact, though 
not necessarily in the ways we’ve previously thought; (4) Azteca and birds may in fact display 
intraguild competition; (5) predators do seem to be important enough to the stability of the 
ecosystem that their removal could cause significant rises in the arthropod herbivores beneath 
them, potentially leading to increased pest outbreaks; (6) coffee agroecosystems are structurally 
and taxonomically complex; (7) many of the interactions between different taxonomic levels 
vary seasonally and spatially, leading to less consistent distinctions of one taxa being uniformly 
“good” or “bad” for another.   
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